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Executive Summary 

In 2013-2014, the Vectren Corporation (Vectren), a natural gas and electric provider, offered a 

thermostat program to residential customers who used manual thermostats in their homes. CLEAResult, 

the program administrator, worked with their subcontractor, Water and Energy Solutions, Inc. (WES) to 

install 300 Nest and 300 programmable thermostats in the homes of randomly selected Vectren natural 

gas and electric (i.e., dual-fuel) customers who previously underwent a home energy assessment 

(through the Energizing Indiana Program). In addition to the new thermostats, customers received 

training on proper operation of their new thermostats. 

WES installed the thermostats between October 14, 2013, and January 24, 2014. Figure 1 shows a map 

of the thermostat installation locations by thermostat type. 

Figure 1. Map of Completed Thermostat Installations for Vectren Thermostat Program 

 

Vectren hired Cadmus to evaluate the program and determine the energy savings from the Nest 

thermostat over the baseline (manual thermostats) and conventional programmable thermostats. 

Specifically, the objectives of the evaluation are to: 

1. Evaluate the amount (therms) and percentage of gas saved on heating; and 

2. Evaluate the amount (kWh) and percentage of electricity saved on cooling. 

Cadmus assessed energy savings using pre- and post-installation billing data. Table 1 shows the 

evaluated gas savings as a percentage of heating gas usage, and Table 2 shows the evaluated electric 

savings as a percentage of cooling electric usage. 
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Table 1. Nest and Programmable Thermostat Gas Savings as Percentage of Heating Gas Usage 

Thermostat 

Group 
Group 

Sample 

Size 

Pre Usage 

(therms) 

Savings 

(therms) 

Savings 

(%) 

Range of 

Savings 

(therms) 

Range of 

Savings 

(%) 

Nest 

Participant 197 548 55 10.0% 47 to 63 8 to 11% 

Control 2,611 575 -14 -2.5% -12 to -17 -2 to -3% 

Adjusted Gross 197 548 69 12.5% 60 to 77 11 to 14% 

Programmable 

Participant 184 602 15 2.5% 8 to 22 1 to 4% 

Control 2,611 575 -14 -2.5% -12 to -17 -2 to -3% 

Adjusted Gross 184 602 30 5.0% 22 to 37 4 to 6% 

 

Table 2. Nest and Programmable Thermostat Electric Savings as Percentage of Cooling Electric Usage 

Thermostat 

Group 
Group 

Sample 

Size 

Pre Usage 

(kWh) 

Savings 

(kWh) 

Savings 

(%) 

Range of 

Savings 

(kWh) 

Range of 

Savings 

(%) 

Nest 

Participant 191 3,080 357 11.6% 206 to 508 7 to 17% 

Control 2,714 3,001 -70 -2.3% -18 to -122 -1 to -4% 

Adjusted Gross 191 3,080 429 13.9% 270 to 589 9 to 19% 

Programmable 

Participant 205 2,537 273 10.8% 131 to 415 5 to 16% 

Control 2,714 3,001 -70 -2.3% -18 to -122 -1 to -4% 

Adjusted Gross 205 2,537 332 13.1% 181 to 483 7 to 19% 

 
Participants with the Nest thermostat reduced their heating gas consumption by approximately 12.5%, 

compared to only 5.0% for participants with a programmable thermostat. The Nest saved more gas than 

the programmable thermostat by keeping the average home temperature approximately 0.2 degrees 

lower than the homes with a programmable thermostat in the heating season, and an average of 0.7 

degrees lower during the daytime on weekdays, when homes are commonly unoccupied. We assume 

temperature reductions in Nest homes are attributable to its Auto-Away feature, which automatically 

sets back the temperature when it senses no one is home. 

Participants in the Nest and programmable thermostat groups reduced cooling electric consumption by 

approximately the same amount (13.9% and 13.1%, respectively). Despite nearly the same percentage 

savings, Nest participants had a slightly higher average air conditioner run time (1.8%) compared to 

programmable thermostat participants (1.2%). The baseline cooling electric usage in the Nest 

participant group was 21% higher than the baseline for the programmable thermostat group, so we 

would expect the air conditioner run time for Nest participants to be higher. We assume the higher 

baseline usage in the Nest participant group is attributable to the Nest participant homes having higher 

occupancy (and thus higher cooling loads) compared to the programmable thermostat homes (see 

occupancy data in Demographics section). 
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Introduction 

In 1995, the U.S. Environmental Protection Agency (EPA) began promoting programmable thermostats 

with the ENERGY STAR® label. Utility companies started offering rebate programs based on claims that 

programmable thermostats could save 10% to 30% of residential heating and cooling energy if users 

programmed setbacks when the home was unoccupied or occupants were sleeping.1 However, 

evaluations of these programs showed low realization rates and many studies found that only about half 

of users actually programmed their thermostats due to the poor user interface designs and complicated 

settings. 

Two conditions can decrease or eliminate savings benefits from programmable thermostats. They are: 

1. Some users with manual thermostats already use temperature setbacks regularly, essentially 

duplicating the operation of a programmable thermostat.  

2. Not all users program their programmable thermostats. Some users set the thermostats at a 

constant temperature setpoint. Several studies have shown that consumers find programmable 

thermostats difficult to operate, so they often do not program the thermostat at all.2 One study 

found that only 47% of programmable thermostats are actually programmed in an energy saving 

manner.3  

In a 2013 study, Cadmus observed both conditions (Table 3). Study participants responded to surveys 

about their thermostat behavior. The portion of thermostats set to regular, scheduled setpoints does 

not differ much by technology, but programmable thermostats are left at a constant setpoint more 

often, possibly because of the difficulty of programming. 

Table 3. Programmable and Manual Thermostat Behavior Patterns from 2013 Cadmus Study* 

Behavior Manual Thermostats  Programmable Thermostats 

Regular Scheduled Setpoints 48% 56% 

Manual With Changing Setpoints 36% 14% 

Constant Setpoint 16% 29% 

*Totals may not sum due to rounding. 

 

                                                           

1  U.S. Environmental Protection Agency. Summary of Research Findings from the Programmable Thermostat 

Market. Memo to Manufacturers on Programmable Thermostat Specification Review. Washington, D.C. 2003. 

Available online: 

https://www.energystar.gov/ia/partners/prod_development/revisions/downloads/thermostats/Summary.pdf 
2  Nevius, M., and tƛƎƎΣ {Φ άtǊƻƎǊŀƳƳŀōƭŜ ¢ƘŜǊƳƻǎǘŀǘǎ ¢Ƙŀǘ Dƻ .ŜǊǎŜǊƪΥ ¢ŀƪƛƴƎ ŀ {ƻŎƛŀƭ tŜǊǎǇŜŎǘƛǾŜ ƻƴ {ǇŀŎŜ 

IŜŀǘƛƴƎ ƛƴ ²ƛǎŎƻƴǎƛƴΦέ tǊƻŎŜŜŘƛƴƎǎ ƻŦ ǘƘŜ нллл !/999 {ǳƳƳŜǊ {ǘǳŘȅ ƻƴ 9ƴŜǊƎȅ 9ŦŦƛŎƛŜƴŎȅ ƛƴ .ǳƛƭŘƛƴƎǎΣ уΦноо-

238.244, 2000. 
3  Meier, A., et al. (Lawrence Berkeley Natiƻƴŀƭ [ŀōƻǊŀǘƻǊȅ ŀƴŘ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ /ŀƭƛŦƻǊƴƛŀ 5ŀǾƛǎύΦ άIƻǿ tŜƻǇƭŜ 

!Ŏǘǳŀƭƭȅ ¦ǎŜ ¢ƘŜǊƳƻǎǘŀǘǎΦέ tǊŜǎŜƴǘŜŘ ŀǘ !ƳŜǊƛŎŀƴ /ƻǳƴŎƛƭ ŦƻǊ ŀƴ 9ƴŜǊƎȅ 9ŦŦƛŎƛŜƴǘ 9ŎƻƴƻƳȅ ǇǊƻŎŜŜŘƛƴƎǎΣ 

Pacific Grove, California, August 15-20, 2010. 

https://www.energystar.gov/ia/partners/prod_development/revisions/downloads/thermostats/Summary.pdf
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Based in part on the findings of programmable thermostat program evaluations, the EPA suspended 

ENERGY STAR® labeling of programmable thermostats in 2009. Since then, ǘƘŜ ƴŀǘƛƻƴΩǎ ǘƻǇ ǘƘŜǊƳƻǎǘŀǘ 

manufacturers have released a new generation of Wi-Fi-enabled, smart thermostats designed with more 

user-friendly programming in addition to wireless control options. 

In 2013-2014, Vectren, administered a thermostat program to evaluate the impact of a smart 

thermostat, the Nest Learning Thermostat (Nest), on energy usage compared to baseline (manual) and 

programmable thermostats.  

The utilities chose to evaluate the Nest because of its unique featuresΦ bŜǎǘΩǎ !ǳǘƻ-Away feature applies 

proprietary algorithms to occupancy data to determine when the home is unoccupied and activate 

temperature setbacks.  The Auto-Schedule feature learns ǳǎŜǊǎΩ ōŜƘŀǾƛƻǊǎ based on how they set the 

thermostat and automatically programs a setback schedule. In addition, users can control the Nest 

remotely using a smartphone, tablet, or computer, and publishes a monthly energy report via e-mail. 

The thermostat also has features useful to utility programs and evaluators: continuous communication 

to back-end databases of setpoints, space temperatures, and HVAC run times, among other data. The 

ability to monitor thermostats via the Internet also allows utilities to offer lower cost demand response 

programs. 

The Vectren program enrolled 600 dual-fuel (gas and electric) customers with manual thermostats.4 

Customers were randomly selected from a database of customers who had received a home energy 

audit. These customers were assigned to two treatment groupsτhalf received a Nest thermostat and 

half received a standard programmable thermostat. 

Participants receiving the Nest were required to have Internet in their home so that they could use the 

Wi-Fi features. The utilities chose the Honeywell TH211 to represent a conventional programmable 

thermostat in this evaluation. Figure 2 shows the Honeywell TH211 and Nest thermostat installed in 

participant homes. 

Figure 2. Programmable (left) and Nest (right) Thermostats Installed in Program Participant Homes 

    

                                                           
4  A small percentage of participants had programmable thermostats that they operated manually 
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Evaluation Objectives and Methods 

The objective of the program was to evaluate the amount (therms) and percentage of gas saved on 

heating and the amount (kWh) and percentage of electricity saved on cooling using a Nest compared to 

conventional manual and programmable thermostats. 

Cadmus evaluated energy savings for three groups of customers identified as having a manual 

thermostat in home energy audit data.5 

1. 300 households received a Nest thermostat; 

2. 300 households received a standard programmable thermostat; and 

3. A control group of 3,845 households continued to use a manual thermostat (did not have a new 

thermostat installed as part of the study). 

 
We compared energy savings from the Nest and programmable thermostats using a pre-/post-

ƛƴǎǘŀƭƭŀǘƛƻƴ ōƛƭƭƛƴƎ ŀƴŀƭȅǎƛǎ ƻŦ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴΦ ²Ŝ ǳǎŜŘ ǘƘŜ ŎƻƴǘǊƻƭ ƎǊƻǳǇ ǘƻ ŘŜǘŜǊƳƛƴŜ 

adjusted gross savings from the Nest and programmable thermostats.  

To support the energy billing analysis, we installed indoor temperature loggers and air conditioner run 

time loggers in half the participant homes. We used the indoor temperature data to determine average 

indoor temperature by hour and by day of week and categorized the patterns of use. We used the air 

conditioner run time data to determine average air conditioner run time by hour and day of week. We 

also conducted pre- and post-installation surveys to assess participant behavior and determine any 

changes over the study period that might eliminate the participant from the analysis.  

Methods 
Cadmus assessed energy savings and participant behavior using a combination of billing data, metered 

data, and customer survey data. Table 4 summarizes the evaluation activities completed to collect and 

analyze these data. 

                                                           
5  A small percentage of participants had programmable thermostats that were unprogrammed and operated as 

manual thermostats. 
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Table 4. Vectren Thermostat Program Evaluation Activities 

Activity 

Group 1: 

Nest 

Thermostats 

Group 2: 

Programmable 

Thermostats 

Group 3: 

Control*  

On-site data collection Y Y N 

Pre-installation survey Y Y N 

Metering ambient household space temperature Y Y N 

Metering air conditioner run time Y Y N 

Pre- and post-installation billing analysis Y Y Y 

Post-installation Survey Y Y N 

* This group allowed Cadmus to establish a base case for the billing analysis. 

 

On-site Data Collection 

Water and Energy Solutions, Inc. (WES) completed thermostat installations in 600 Vectren dual-fuel 

customer homes between October 14, 2013 and January 24, 2014, providing half the homes with a Nest 

thermostat and half with a standard programmable thermostat. Figure 3 shows a map of the thermostat 

installation locations by thermostat type. WES followed the protocols outlined in Appendix B. 

Figure 3. Map of Completed Thermostat Installations for Vectren Thermostat Program

 

Pre-installation Survey 

At the time of installation, WES used an iPad to survey customers about how they used their old 

thermostat and to collect demographic information. The survey is attached as Appendix A. 



 

 8  
 

Space Temperature and Air Conditioner Run-time Metering 

Cadmus collected space temperatures and air conditioner run times from approximately half the Nest 

and programmable thermostat homes. At the time of the thermostat installation, WES technicians 

installed an Onset UX100-лло ƭƻƎƎŜǊ ƴŜȄǘ ǘƻ ŜŀŎƘ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ǘƘŜǊƳƻǎǘŀǘ ǘƻ ǊŜŎƻǊŘ ǘƘŜ space 

temperature every five minutes. WES also installed an Onset UX90-ллп ƭƻƎƎŜǊ ƻƴ ŜŀŎƘ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ŀƛǊ 

conditioner condenser to record air conditioner run time. 

WES installed indoor temperature meters and air conditioner run-time meters in 300 (50%) of the 

homes:6 Half were installed in Nest homes and half were installed in programmable thermostat homes. 

Analysis of Participant Behavior 

To understand how programmable thermostat participants actually used their thermostats, we assessed 

space temperature data for each participant who returned a temperature logger. We noted if the 

participant established a programmed schedule of setbacks or used the programmable thermostat as if 

it were a manual thermostat. Figure 4 and Figure 5 show example temperature data for two 

participants, one in each of the two behavior categories. 

Figure 4. Temperature Data for a Participant with Irregular Behavior 

 

 

                                                           

6  WES collected indoor temperature data so that Cadmus could review and categorize the behavior of 

participants, and collected air conditioner run-time data so that Cadmus could investigate any anomalous 

findings in the billing analysis. 
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Figure 5. Temperature Data for a Participant with Programmed Setpoints 

 

Pre-/Post- Billing Analysis 

Cadmus provided Vectren with names and addresses for the 600 program participants and 3,845 

nonparticipants (control group) sampled from Energizing Indiana Home Energy Audit data. Vectren 

provided the data fields outlined in Table 5 ŦƻǊ ŜŀŎƘ ŎǳǎǘƻƳŜǊΩǎ Ǝŀǎ ŀƴŘ ŜƭŜŎǘǊƛŎ bills September 2012 

through September 2014. 

Table 5. Requested Billing Data Fields 

Field Definition 

Provided by Cadmus 

Customer name /ǳǎǘƻƳŜǊΩǎ CƛǊǎǘ ŀƴŘ [ŀǎǘ bŀƳŜǎ 

Service street address Street Address  

Service city City 

Service zip code Zip Code 

Provided by Vectren 

Billing Account Number /ǳǎǘƻƳŜǊΩǎ .ƛƭƭƛƴƎ !ŎŎƻǳƴǘ bǳƳōŜǊ 

Premise/Location 

Number 
Location Account Number (tied to the premise) 

Billing Days Number of Billing Days in Each Month  

Usage Monthly Usage (kwh or therms) for Each Month  

Read Date Date of Meter Reads in Each Month  

Meter Read Code Meter Read Code (indicates whether the meter reading was estimated or true)  

Account Status Indicates Active, Inactive, or Closed 
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We evaluated gas savings attributable to the program by conducting a billing analysis, following these 

steps: 

1. Matched thermostat installation dates and customer information to the billing data; 

2. Used participant zip codes to map to the nearest weather station; 

3. Obtained daily average temperature weather data from September 2012 through September 

2014 for seven National Oceanic and Atmospheric Administration weather stations, 

representing all participant zip codes; 

4. Used daily temperatures to determine base 45-85 heating degree days (HDDs) and cooling 

degree days (CDDs) for each weather station; also mapped the typical meteorological year 3 

(TMY3) normal heating and cooling degree days by zip code for each home ;7 and 

5. Matched billing data periods with the CDDs and HDDs from associated stations. 

Pre- and Post-installation Period Definitions 

WES installed thermostats for Vectren customers between October 2013 and late January 2014.  

For participants, Cadmus defined the pre-installation period as before the installation of the new 

thermostat, and the post-installation period as after the installation of a new thermostat. For the 

control group (nonparticipants), Cadmus based the control group pre- and post-installation periods on 

the average installation dates of the participants. We used the average participant installation date of 

November 16, 2013. 

Using the billing data from September 2012 through September 2014, Cadmus paired the pre- and post-

installation months to ensure that we compared the same months before and after thermostat 

installation.8  

Gas Billing Analysis Model 

Cadmus estimated savings from each customer using a PRInceton Scorekeeping Method (PRISM) 

specification using pre- and post-installation billing data for each customer in the Nest group, 

programmable thermostat group, and control group. These models provided weather-normalized pre- 

and post-installation annual usage for each participant and nonparticipant.  

Through this regression model approach, we obtained estimates of energy savings for each group and 

each customer. For each participant and control home, Cadmus estimated heating-only PRISM models in 

both the pre- and post-installation periods to weather-normalize raw billing data. Each model allows the 

heating reference temperature to range from 45 degrees to 85 degrees. 

                                                           

7  Cadmus used the PRISM models to select the best base temperature for each home. 

8  In order to obtain the most reliable estimate of pre-period normalized usage, Cadmus estimated a model 

using all 12 pre-installation period months. 
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The PRISM model specification we used is:  

ὃὈὅ  ὌὈὈ ‐ 

²ƘŜǊŜ ŦƻǊ ŜŀŎƘ ŎǳǎǘƻƳŜǊ ΨƛΩ ŀƴŘ ƳƻƴǘƘ ΨǘΩΥ  

ADCit = The average daily gas consumption in the pre- or post-installation 

program period 

ai = The participant intercept representing the average daily base load  

1̡ = The model space heating slope 

HDDit = The base 45-85 average daily HDDs for the specific location 

eit = The error term 

From the above model, Cadmus computed weather-normalized annual consumption (NAC) for each 

heating reference temperature as follows: 

ὔὃὅ  σzφυὒὙὌὈὈ‐ 

Where: 

NACi = The normalized annual consumption 

ai = An intercept representing the average daily base load for each 

participant 

ai * 365  = The annual base load consumption (non-weather sensitive) 

1̡ = The heating slope (usage per HDD from the model above) 

LRHDDit = Annual, long-term HDDs of a typical month year (TMY3) in the 1991ς

2005 series from the National Oceanic and Atmospheric Administration, 

for Evansville, Indiana  

1̡ LRHDDit = The weather-normalized, weather-sensitive annual heating usage, also 

known as HEATNAC 

eit = The error term 

Cadmus screened and removed accounts that yielded negative heating NACs from the analysis. From the 

various models with correct signs on all of the parameters, we chose the best model of each 

ǇŀǊǘƛŎƛǇŀƴǘΩǎ ǇǊŜ- and post-installation periods based on that with the highest R-squared value.  



 

 12  
 

Gas Data Screening 

Cadmus screened and removed the following gas customers from the analysis: 

¶ Customers with less than seven pre-installation paired months or less than seven post-

installation paired months; 

¶ Customers that yielded total NACs less than 200 therms; 

¶ Customers that yielded negative heating NACs;  

¶ Customer bills that contained outliers, vacancies, or equipment changes; and 

¶ Customers whose post-installation survey responses indicated vacancies, changes in occupants, 

or equipment changes 

Table 6, Table 7, and Table 8 present the gas attrition levels for the Nest, programmable thermostat, 

and control group customers from the screening criteria above, respectively. For participants, the 

attrition was primarily due to insufficient paired billing data, removal of outliers, and surveys indicating 

changes, while the control group attrition was primarily due to insufficient paired billing data. 

Table 6. Nest Thermostat Gas Account Attrition 

Sample Screen 
Remaining Dropped from Sample 

Participants Percentage Number Percentage 

Original Nest sample 300 100% 0 0% 

Insufficient pre- and/or post-period data (less 
than seven pre-period and six post-period 
months) 246 82% 54 18% 

PRISM screens 240 80% 6 2% 

Removal of outliers* 206 69% 34 11% 

Surveys Indicate Changes 197 66% 9 3% 

Final Nest Analysis Sample 197 66% 103 34% 

* This entailed an account-level inspection of pre- and post-period usage data to assess vacancies, equipment 
changes, and other anomalies. 

Table 7. Programmable Thermostat Gas Account Attrition 

Sample Screen 
Remaining Dropped from Sample 

Participants Percentage Number Percentage 

Original programmable thermostat sample 300 100% 0 0% 

Insufficient pre- and/or post-period data 
(less than seven pre-period and six post-
period months) 265 88% 35 12% 

PRISM screens 261 87% 4 1% 

Removal of outliers* 202 67% 59 20% 

Surveys Indicate Changes 184 61% 18 6% 

Final Programmable Thermostat Analysis 
Sample 184 61% 116 39% 

* This entailed an account-level inspection of pre- and post-period usage data to assess vacancies, equipment 
changes, and other anomalies. 
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Table 8. Control Group Thermostat Gas Account Attrition 

Sample Screen 
Remaining Dropped from Sample 

Participants Percentage Number  Percentage 

Original Nonparticipant Sample 3845 100% 0 0% 

Insufficient pre- and/or post-period 
data (less than seven pre-period and 
six post-period months) 2851 74% 994 26% 

PRISM screens 2800 73% 51 1% 

Removal of outliers* 2611 68% 189 5% 

Surveys Indicate Changes 2611 68% 0 0% 

Final Control Group Analysis Sample 2611 68% 1234 32% 

* This entailed an account-level inspection of pre- and post-period usage data to assess vacancies, equipment 
changes, and other anomalies. 

 
After screening, the final gas analysis sample included 197 Nest thermostat participants (66%), 184 

programmable thermostat participants (61%), and 2,611 control group customers (68%). 

Electric Billing Analysis Model 

Cadmus estimated savings from each customer using a PRInceton Scorekeeping Method (PRISM) 

specification using pre- and post-installation billing data for each customer in the Nest group, 

programmable thermostat group, and control group. These models provided weather-normalized pre- 

and post-installation annual usage for each participant and nonparticipant.  

Through this regression model approach, we obtained estimates of energy savings for each group and 

each customer. For each participant and control home, we estimated heating-only PRISM models in 

both the pre- and post-installation periods to weather-normalize raw billing data. Each model allows the 

heating reference temperature to range from 45 degrees to 85 degrees and the cooling reference 

temperature to range from the heating reference temperature to 85 degrees. 

The PRISM model specification we used is:  

ὃὈὅ  ὌὈὈ ὅὈὈ ‐ 

²ƘŜǊŜ ŦƻǊ ŜŀŎƘ ŎǳǎǘƻƳŜǊ ΨƛΩ ŀƴŘ ƳƻƴǘƘ ΨǘΩΥ  

ADCit = The average daily electric consumption in the pre- or post-installation 

program period 

ai = The participant intercept representing the average daily base load  

1̡ = The model space heating slope 

HDDit = The base 45-85 average daily HDDs for the specific location 

2̡ = The model space cooling slope 

HDDit = The base 45-85 average daily CDDs for the specific location 

eit = The error term 
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From the above model, Cadmus computed weather-normalized annual consumption (NAC) for each 

heating and cooling reference temperature as follows: 

ὔὃὅ  σzφυὒὙὌὈὈὒὙὅὈὈ‐ 

Where: 

NACi = The normalized annual consumption 

ai = An intercept representing the average daily base load for each 

participant 

ai * 365  = The annual base load consumption (non-weather sensitive) 

1̡ = The heating slope (usage per HDD from the model above) 

LRHDDit = Annual, long-term HDDs of a typical month year (TMY3) in the 1991ς

2005 series from the National Oceanic and Atmospheric Administration, 

for Evansville, Indiana 

1̡ LRHDDit = The weather-normalized, weather-sensitive annual heating usage, also 

known as HEATNAC 

2̡ = The cooling slope (usage per CDD from the model above) 

LRCDDit = Annual, long-term CDDs of a typical month year (TMY3) in the 1991ς

2005 series from the National Oceanic and Atmospheric Administration, 

for Evansville, Indiana 

2̡ LRCDDit = The weather-normalized, weather-sensitive annual cooling usage, also 

known as COOLNAC 

eit = The error term 

We screened and removed from the analysis any accounts that yielded negative cooling NACs and 

negative base load. If a model heating slope was negative, we estimated a cooling-only PRISM model. 

From the various models with correct signs on all of the parameters, we chose the best model of each 

ǇŀǊǘƛŎƛǇŀƴǘΩǎ ǇǊŜ- and post-installation periods based on the one with the highest R-squared value.  

Electric Data Screening 

Cadmus screened and removed the following electric customers from the analysis: 

¶ Customers with less than seven pre-installation paired months or less than seven post-

installation paired months; 

¶ Customers that yielded cooling NACs less than 100 kWh; 

¶ Customers that yielded negative base load NACs;  

¶ Customer bills that contained outliers, vacancies, or equipment changes; and 

¶ Customers whose post-installation survey responses indicated vacancies, changes in occupants, 

or equipment changes. 
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Table 9, Table 10, and Table 11 present the electric attrition levels for the Nest, programmable 

thermostat, and control group customers from the screening criteria above, respectively. For 

participants, the attrition was primarily due to insufficient paired billing data, removal of outliers, and 

survey data indicating changes, while the control group attrition was primarily due to insufficient paired 

billing data. 

Table 9. Nest Thermostat Electric Account Attrition 

Sample Screen 
Remaining Dropped from Sample 

Participants Percentage Number Percentage 

Original Nest sample 300 100% 0 0% 

Insufficient pre- and/or post-period data 
(less than seven pre-period and seven post-
period months) 247 82% 53 18% 

PRISM screens 245 82% 2 1% 

Removal of outliers* 210 70% 35 12% 

Surveys Indicate Changes 191 64% 19 6% 

Final Nest Analysis Sample 191 64% 109 36% 

* This entailed an account-level inspection of pre- and post-period usage data to assess vacancies, equipment 
changes, and other anomalies. 

Table 10. Programmable Thermostat Electric Account Attrition 

Sample Screen 
Remaining Dropped from Sample 

Participants Percentage Number Percentage 

Original programmable thermostat sample 300 100% 0 0% 

Insufficient pre- and/or post-period data 
(less than seven pre-period and seven post-
period months) 275 92% 25 8% 

PRISM screens 269 90% 6 2% 

Removal of outliers* 236 79% 33 11% 

Surveys Indicate Changes 205 68% 31 10% 

Final Programmable Thermostat Analysis 
Sample 205 68% 95 32% 

* This entailed an account-level inspection of pre- and post-period usage data to assess vacancies, equipment 
changes, and other anomalies. 
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Table 11. Control Group Thermostat Electric Account Attrition  

Sample Screen 
Remaining Dropped from Sample 

Participants Percentage Number  Percentage 

Original nonparticipant sample 3845 100% 0 0% 

Insufficient pre- and/or post-period 
data (less than seven pre-period and 
seven post-period months) 3039 79% 806 21% 

PRISM screens 2971 77% 68 2% 

Removal of outliers* 2714 71% 257 7% 

Surveys Indicate Changes 2714 71% 0 0% 

Final Control Group Analysis Sample 2714 71% 1131 29% 

* This entailed an account-level inspection of pre- and post-period usage data to assess vacancies, equipment 
changes, and other anomalies. 

 
After screening, the final gas analysis sample included 191 Nest thermostat participants (64%), 205 

programmable thermostat participants (68%), and 2,714 control group customers (71%). 

Model-Specific Evaluated Savings (Average Participant) 

Since the control group pre-installation period usage was not identical to the participant pre-installation 

usage, Cadmus used a percentage of pre-installation usage approach to obtain adjusted gross 

participant savings (via the following formula): 

ὃὨὮȢὋὶέίί ὛὥὺὭὲὫίὖὥὶὸὭὧὭὴὥὲὸ ὖὶὩ ὟίὥὫὩ
ὅὬὥὲὫὩ Ὅὲ ὖὥὶὸὭὧὭὴὥὲὸ ὟίὥὫὩ

ὖὥὶὸὭὧὭὴὥὲὸ ὖὶὩ ὟίὥὫὩ
 
ὅὬὥὲὫὩ Ὥὲ ὅέὲὸὶέὰ Ὃὶέόὴ ὟίὥὫὩ

ὅέὲὸὶέὰ Ὃὶέόὴ ὖὶὩ ὟίὥὫὩ
 

Through this process, we obtained the percentage reduction of energy use in both the participant 

groups and the control group (specifically, we determined savings as a percentage of Pre-NAC, 

PREHEATNAC, or PRECOOLNAC).9 Then, we calculated the percentage reduction as the change in 

participant usage minus the change in control group usage. Multiplying this adjusted gross percentage 

reduction by the participant pre-installation period usage, we obtained the adjusted gross participant 

savings, effectively accounting for any differences in pre-installation period heating usage between 

participants and the control group. 

Post-installation Survey 

In July 2014, Cadmus distributed a post-installation survey by mŀƛƭ ǘƻ ŎƻƭƭŜŎǘ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ǇŀǊǘƛŎƛǇŀƴǘǎΩ 

behaviors and satisfaction with their new thermostat. This survey screened out any customers who 

added equipment, changed equipment, or showed prolonged vacancies. The survey is attached as 

Appendix C. 

 

                                                           

9  For gas savings, this method was applied both in terms of total usage (NAC) and total heating usage 

(HEATNAC). For electric savings, this method was applied in terms of cooling usage (COOLNAC). 
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Results 

Response Rates 
In July 2014, Cadmus mailed customer surveys to all 600 Vectren program participants. We also sent 

instructions to the 300 participants who received loggers on how to remove and mail back their loggers. 

Table 12 shows the logger and survey return rates as of November 7, 2014. 

Table 12. Logger and Survey Return Rates (as of November 7, 2014) 

Returned Item Count Response Rate 

Temperature Logger 239 80%*    

Motor Run-time Logger 192 64%*    

Surveys 332 55%**  

*Return rate as percentage of participants who received loggers (300 participants) 

**Return rate as percentage of participants who received surveys (all 600 participants) 

 

Of the participants who received loggers, 80% returned the temperature loggers and 64% returned the 

run time loggers. These response rates are lower than expected and may be due to the length of the 

study period. Because the loggers were in place over six months, participants may not have felt as 

responsible for returning them as they might in a shorter study. To increase response rates, we mailed a 

letter to participants in September, reminding them to return the loggers. After participants received 

the letters, we called them to see if they received the letter and offered to explain how to remove the 

loggers. 

Cadmus received mail-in surveys back from 55% of participants. This response rate is higher than 

expected. Mail-in surveys typically have response rates of 10-15%. 

Energy Savings 

Results of Gas Billing Analysis: Model-Specific Evaluated Savings (Average Participant) 

Table 13 shows the participant and control group changes in gas usage by thermostat type.  
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Table 13. Gas Savings as Percentage of Total Gas Usage 

Thermostat 

Group 
Group 

Sample 

Size 

Pre Usage 

(therms) 

Savings 

(therms) 

Savings 

(%) 

Range of 

Savings 

(therms) 

Range of 

Savings 

(%) 

Nest 

Participant 197 744 55 7.4% 47 to 63 6 to 8% 

Control 2,611 766 -14 -1.9% -12 to -17 -2% 

Adjusted Gross 197 744 69 9.3% 60 to 77 8 to 10% 

Programmable 

Participant 184 778 15 1.9% 8 to 22 1 to 3% 

Control 2,611 766 -14 -1.9% -12 to -17 -2% 

Adjusted Gross 184 778 30 3.9% 22 to 37 3 to 5% 

 
The control group increased its gas usage by approximately 2%, which might be normal year on year 

change. Cadmus applied the adjusted gross savings formula to determine the difference in these 

percentage savings. For participants, the Nest thermostats achieved adjusted average gross savings of 

69 therms, with a pre-installation period usage of 744 therms. This represents a 9.3% reduction of pre-

period usage. The programmable thermostats achieved adjusted gross savings of 30 therms, with a pre-

installation period usage of 778 therms. This represents a 3.8% reduction of pre-installation period 

usage. 

Cadmus also evaluated gas savings as a percentage of pre-period heating usage (Table 14). 

Table 14. Gas Savings as Percentage of Heating Gas Usage 

Thermostat 

Group 
Group 

Sampl

e Size 

Pre 

Heating 

Usage 

(therms) 

Savings 

(therms) 

Savings 

(%) 

Range of 

Savings 

(therms) 

Range of 

Savings 

(%) 

Nest 

Participant 197 548 55 10.0% 47 to 63 8 to 11% 

Control 2,611 575 -14 -2.5% -12 to -17 -2 to -3% 

Adjusted Gross 197 548 69 12.5% 60 to 77 11 to 14% 

Programmable 

Participant 184 602 15 2.5% 8 to 22 1 to 4% 

Control 2,611 575 -14 -2.5% -12 to -17 -2 to -3% 

Adjusted Gross 184 602 30 5.0% 22 to 38 4 to 6% 

  

The Nest thermostats saved 12.5% of heating gas usage and the programmable thermostats saved 5.0% 

of heating gas usage. 

Results of Electric Billing Analysis: Model-Specific Evaluated Savings (Average Participant) 

Table 15 shows the participant and control group changes in electric usage by thermostat type. 
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Table 15. Electric Savings as Percentage of Total Electric Usage 

Thermostat 

Group 
Group 

Sample 

Size 

Pre Usage 

(kWh) 

Savings 

(kWh) 

Savings 

(%) 

Range of 

Savings 

(kWh) 

Range of 

Savings 

(%) 

Nest 

Participant 191 10,730 357 3.3% 206 to 508 2 to 5% 

Control 2,714 10,606 -70 -0.7% -18 to -122 -1 to 0% 

Adjusted Gross 191 10,730 429 4.0% 270 to 589 3 to 5% 

Programmable 

Participant 205 9,020 273 3.0% 131 to 415 1 to 5% 

Control 2,714 10,606 -70 -0.7% -18 to -122 -1 to 0 % 

Adjusted Gross 205 9,020 332 3.7% 181 to 483 2 to 5% 

 

The control group increased its electric usage by approximately 1%, which might be normal year on year 

change. Cadmus applied the adjusted gross savings formula to determine the difference in these 

percentage savings. For participants, the Nest thermostats achieved adjusted average gross savings of 

429 kWh, with a pre-period usage of 10,730 kWh. This represents a 4.0% reduction of pre-installation 

period usage. The programmable thermostats achieved adjusted gross savings of 332 kWh, with a pre-

installation period usage of 9,020 kWh. This represents a 3.7% reduction of pre-installation period 

usage. 

Cadmus also evaluated gas savings as a percentage of pre-installation period cooling usage (Table 16). 

Table 16. Electric Savings as Percentage of Cooling Electric Usage 

Thermostat 

Group 
Group 

Sample 

Size 

Pre Usage 

(kWh) 

Savings 

(kWh) 

Savings 

(%) 

Range of 

Savings 

(kWh) 

Range of 

Savings 

(%) 

Nest 

Participant 191 3,080 357 11.6% 206 to 508 7 to 17% 

Control 2,714 3,001 -70 -2.3% -18 to -122 -1 to -4% 

Adjusted Gross 191 3,080 429 13.9% 270 to 589 9 to 19% 

Programmable 

Participant 205 2,537 273 10.8% 131 to 415 5 to 16% 

Control 2,714 3,001 -70 -2.3% -18 to -122 -1 to -4 % 

Adjusted Gross 205 2,537 332 13.1% 181 to 483 7 to 19% 

 
The control group increased cooling electric usage by approximately 2%, which might be normal year on 

year change. Cadmus applied the adjusted gross savings formula to determine the difference in these 

percentage savings. For participants, the Nest thermostats achieved adjusted average gross savings of 

429 kWh, with a pre-installation period cooling electric usage of 3,080 kWh. This represents a 13.9% 

reduction in pre-installation period cooling electric usage. The programmable thermostats achieved 

adjusted gross savings of 332 kWh, with a pre-installation period cooling electric usage of 2,537 kWh. 

This represents a 13.1% reduction in pre-installation period cooling electric usage. 
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Benchmarking 

Table 17 shows a comparison of the gas savings results of this evaluation compared with those from other Cadmus thermostat evaluations using 

pre/post billing analysis methods. 

Table 17. Summary of Cadmus Thermostat Gas Savings Study Results* 

Date Location T-stat Type Original 

Sample Size 

Control 

Group 

Evaluated 

Sample Size 

Attrition Rate Savings per 

Participant 

(Therms) 

Precision at 

90% 

Confidence 

July 2011 Indiana Programmable 68 N/A 61 10% 37 ±21% 

July 2011 Indiana Programmable 283 N/A 255 10% 43 ±21% 

July 2011 Indiana Programmable 371 N/A 334 10% 35 ±21% 

September 

2012 
Massachusetts Ecobee Wi-Fi 86 N/A 43 50% 86 (11%) ±31% 

July 2013 New Hampshire 

Venstar 

ColorTouch 

T5800 

29 N/A 23 21% 69 (8%) ±20% 

September 

2014 
Indiana Nest 300 600 197 31% 69 (9.3%) ±12% 

September 

2014 
Indiana Programmable 300 600 184 33% 30 (3.8%) ±26% 
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Participant Temperature Settings and Behavior 
Cadmus used participant survey responses and space temperature logger data to understand how 

participants set their thermostats. 

Pre-Installation Period 

¢Ƙƛǎ ǎŜŎǘƛƻƴ ŘŜǎŎǊƛōŜǎ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ /ŀŘƳǳǎΩ ǘŜƳǇŜǊŀǘǳǊŜ setting analysis and participant behavior 

analysis during the pre-installation period. 

Temperature Settings 

Cadmus used participant responses from the pre-installation customer surveys to assess heating and 

cooling setpoints by hour and by day of the week in the pre-installation period. These setpoints were 

reported by participants; we did not verify or measure these numbers. Figure 6 shows the weekday and 

weekend heating setpoints reported by participants. Figure 7 shows the weekday and weekend cooling 

setpoints reported by participants. 

Figure 6. Self-reported Pre-installation Heating Setpoints Using Manual Thermostat 

Weekdays vs. Weekend (Weekday n=517; Weekend n=515) 
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Figure 7. Self-reported Pre-installation Cooling Setpoints Using Manual Thermostat 

Weekdays vs. Weekend (Weekday n=516; Weekend n=516) 

 

Five hundred seventeen program participants (86%) reported their baseline weekday heating setpoints 

and 515 (86%) reported their baseline weekend heating setpoints. From 8:00 a.m. to 11:00 a.m. and 

8:00 p.m. to 9:00 p.m. on weekdays and weekends, the average reported setpoint is approximately 0.4 

degrees lower than other times of day, indicating a possibly popular time for participants to use 

setbacks. During all hours of the day, the average reported setpoint is approximately 69.2 degrees.  

A total of 516 program participants (86%) reported their baseline weekday and weekend cooling 

setpoints. On weekdays and weekends, the reported cooling season temperature settings were within 

0.03 degrees for each hour of the day. For both weekdays and weekends, the average reported setpoint 

was 72.7 degrees. Based on participant responses, there is no period of the day or week where there is a 

significant setback. 

Participant Behavior 

Cadmus assessed the baseline behaviors of the participants based on their survey responses (Table 18). 
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Table 18. Self-reported Pre-installation Behavior Using Manual Thermostat*  

Behavior Count Percentage 

I manually change the thermostat settings using a regular daily schedule 424 81% 

I manually change the thermostat settings using no set schedule (depending on 

weather and/or home activity) 
75 14% 

I use a single setpoint throughout each season (winter, spring, summer, fall) 22 4% 

Total 521 100% 

*Totals may not sum due to rounding 

 

A total of 521 (87%) of program participants reported how they controlled their manual thermostats 

prior to participating in the program. The majority of participants (95%) reported manually changing 

their temperature settings. Eighty-five percent of these participants (81% of total) reported manually 

changing the thermostat settings using a regular daily schedule. Fifteen percent (14% of total) reported 

manually changing the thermostat settings using no set schedule. The remaining participants (4%) 

reported using a single setpoint. 

Cadmus compared these survey responses to research we completed with another client in 2013. The 

results are summarized in Table 19. 

Table 19. Comparison of Self-reported Behavior between Vectren Study and 2013 Cadmus Study* 

Behavior 
Manual Thermostats (2013 

Cadmus Study) 

Manual Thermostats 
(2013-2014 Vectren Nest 

Evaluation) 
Regular Scheduled Setpoints 48% 81% 

Manual With Changing Setpoints 36% 14% 

Constant Setpoint 16% 4% 

 
The behavior of Vectren program participants differs greatly from the behavior of the participants in the 

2013 study. Vectren program participants control their thermostats with a regular schedule much more 

frequently and use changing setpoints or a single setpoint much less frequently. These results suggest 

Vectren program participants may already practice regular setbacks and might not have as large a 

potential for energy savings as the population in the 2013 study. 

Post-Installation Period 

This section describes the results of /ŀŘƳǳǎΩ space temperature, air conditioner run time, and 

participant behavior analysis for the post-installation period. 

Temperature Setting in Heating Season 

Two hundred thirty-nine Vectren program participants (80%) returned their temperature loggers as of 

November 7, 2014. Cadmus used logger data to evaluate the average heating season home 

temperatures by hour and by day of the week for the programmable thermostat and Nest treatment 
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groups. Figure 8 and Figure 9 show average indoor temperature in the heating season for programmable 

thermostats and Nest, respectively, 

Figure 8. Average Hourly Metered Indoor Temperature 

During Heating Season for Programmable Thermostats (n=239) 

 

Figure 9. Average Hourly Metered Indoor Temperature 

During Heating Season for Nest Thermostats (n=239) 

 

Programmable thermostat users have similar indoor temperatures for weekdays and weekends, while 

Nest users appear to have a slight reduction in temperature from 9:00 a.m. to 6:00 p.m. on weekdays. 

During this period, the temperature in Nest homes is on average 0.7 degrees cooler on weekdays than 
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on weekends. Because this is a common time period for homes to be unoccupied, we assume this is 

ŀǘǘǊƛōǳǘŀōƭŜ ǘƻ ŜƛǘƘŜǊ ǘƘŜ bŜǎǘΩǎ Auto-Away feature, which automatically triggers a setback when it 

senses the home is unoccupied, or its Auto-Schedule feature, which uses data on how participants 

manually set their thermostat to automatically program a schedule of setbacks. 

Figure 10 and Figure 11 show a comparison of programmable thermostat and Nest participant indoor 

temperatures on weekdays and weekends, respectively. 

Figure 10. Average Hourly Metered Indoor Temperature on Weekdays During Heating Season (n=239) 

 

During weekdays, homes with programmable thermostats had lower nighttime temperatures compared 

to homes with Nest thermostats. Between the hours of 12:00 a.m. and 7:00 a.m., the average hourly 

temperature was 0.2 degrees lower than homes with a Nest thermostat. During the daytime, however, 

the homes with Nest thermostats had lower indoor temperatures compared to programmable 

thermostat homes. Between 9:00 a.m. and 10:00 p.m., indoor temperature was 0.5 degrees cooler in 

Nest homes than in programmable thermostat homes, on average. The difference in average hourly 

temperature ranges from 0.2 degrees to 0.9 degrees during this period. These data suggest the Nest 

thermostat used the Auto-Away feature or Auto-Schedule feature to implement setbacks during 

daytime hours when many participants were away from home. 
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Figure 11. Average Hourly Metered Indoor Temperature on Weekends During Heating Season (n=239) 

 

Like on weekdays, the programmable thermostat homes had slightly lower indoor temperatures at 

night. Similar to weekdays, the Nest homes had lower indoor temperatures compared to programmable 

thermostat homes during the day; however, the difference in indoor temperature during the day was 

not as large on weekends as it was on weekdays. Between the hours of 9:00am and 10:00pm on 

weekends, the average hourly indoor temperature ranges from 0.2 to 0.4 degrees cooler in Nest homes 

than in programmable thermostat homes. On average, the temperature was 0.3 degrees cooler in Nest 

homes during this period. 

Figure 12 and Figure 13 compare the metered weekday and weekend temperature settings, 

respectively, of programmable thermostat and Nest thermostat participants to the baseline setpoints 

they reported using with their manual thermostats. 



 

27 
 

Figure 12. Self-reported Setpoints for Manual Thermostats Compared to Metered Indoor 
Temperatures for Programmable and Nest Thermostats (Weekdays) 

 

Figure 13. Self-reported Setpoints for Manual Thermostats Compared to Metered Indoor 
Temperatures for Programmable and Nest Thermostats (Weekends) 
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/ƻƳǇŀǊŜŘ ǘƻ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ǎŜƭŦ-reported baseline heating setpoints, participants with Nest and 

programmable thermostats had lower indoor temperatures during the heating season, with the Nest 

participants having the lowest daytime temperatures and the programmable thermostat participants 

having the lowest nighttime temperatures. Homes with Nest thermostats had the biggest difference in 

indoor temperature compared to programmable thermostat homes between the hours of 10:00 AM and 

6:00 PM on weekdays, when the average hourly temperature was 0.7 degrees lower than homes with a 

programmable thermostat. We assume this is attributable either to bŜǎǘΩǎ Auto-Away feature, which 

automatically triggers a setback when it senses the home is unoccupied, or its Auto-Schedule feature, 

which uses data on how participants manually set their thermostat to automatically program a schedule 

of setbacks. Homes with programmable thermostats had the lowest indoor temperatures between the 

hours of 12:00 AM and 7:00 AM on weekdays and weekends, when the average hourly temperature was 

0.2 degrees lower than homes with a Nest thermostat. On average, the homes with Nest thermostats 

had indoor temperatures 0.2 degrees lower than the homes with the programmable thermostats. 

Cooling Season Temperature Settings 

Cadmus used the indoor temperature logger data to evaluate the average indoor temperatures in the 

cooling season by hour and by day of the week for the programmable thermostat and Nest treatment 

groups. Figure 14 and Figure 15 show average indoor temperatures for programmable and Nest 

thermostats, respectively. 

Figure 14. Average Hourly Metered Indoor Temperature 

During Cooling Season for Programmable Thermostats (n=239) 
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Figure 15. Average Hourly Metered Indoor Temperature 

During Cooling Season for Nest Thermostats (n=239) 

 

Both programmable thermostat and Nest thermostat users have slightly cooler indoor temperatures on 

weekends compared to weekdays. On weekends, the indoor temperature in programmable thermostat 

homes is on average 0.5 degrees cooler compared to weekdays. For Nest homes, the average indoor 

temperature is 0.4 degrees cooler on weekends compared to weekdays. The metered indoor 

temperature data show that home indoor temperatures peak at approximately 5:00 p.m. or 6:00 p.m. 

and continue to drop until 7:00 a.m. Because air conditioner run time also drops during this period (see 

Air Conditioner Run Time Analysis section), we assume the drop in indoor temperature is primarily 

attributable to a drop in outdoor temperature at night.  

Figure 16 and Figure 17 show a comparison of programmable thermostat and Nest participant indoor 

temperatures on weekdays and weekends, respectively. 
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Figure 16. Average Hourly Metered Indoor Temperature on Weekdays During Cooling Season (n=239) 

 

Figure 17. Average Hourly Metered Indoor Temperature on Weekends During Cooling Season (n=239) 

 

During weekdays and weekends, homes with the Nest thermostat had lower indoor temperatures than 

homes with programmable thermostats. The indoor temperature in Nest homes were 1.3 degrees 

cooler than programmable thermostat homes on weekdays and 1.2 degrees cooler than programmable 

thermostat homes on weekends. Indoor temperature data for both participant groups show the same 

profile of temperature peaks and drops, with the Nest homes consistently approximately one degree 

cooler than the programmable thermostat homes. 
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Figure 18 and Figure 19 compare the metered weekday and weekend indoor temperatures, respectively, 

of programmable thermostat and Nest participants to the baseline behavior they reported using with 

their manual thermostats. 

Figure 18. Self-reported Setpoints for Manual Thermostats Compared to Metered Indoor 
Temperatures for Programmable and Nest Thermostats (Weekdays)
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Figure 19. Self-reported Setpoints for Manual Thermostats Compared to Metered Indoor 
Temperatures for Programmable and Nest Thermostats (Weekends) 

 

/ƻƳǇŀǊŜŘ ǘƻ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ǎŜƭŦ-reported baseline cooling setpoints, participants with Nest and 

programmable thermostats had higher indoor temperatures during the cooling season, with the 

programmable thermostat participants having the highest indoor temperatures. For both participant 

groups, the highest indoor temperatures occurred between the hours of 7:00 a.m. and 5:00 p.m. or 6:00 

p.m. This is also the period when air conditioner run time was highest (see Air Conditioner Run Time 

Analysis section), so we assume indoor temperatures begin to drop at 5:00 p.m. or 6:00 p.m. due to a 

drop in outdoor temperature at night. On average, the homes with programmable thermostats had 

indoor temperatures 1.3 degrees warmer than the homes with the Nest thermostats. 

Air Conditioner Run Time in Cooling Season 

Cadmus used participant air conditioner run time logger data to understand how participants used their 

air conditioners. Figure 20 and Figure 21 show the average hourly metered air conditioner run time on 

weekdays and weekends, respectively. 
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Figure 20. Average Hourly Metered Air Conditioner Run Time  
During Cooling Season on Weekdays (n=192) 

 

Figure 21. Average Hourly Metered Air Conditioner Run Time  
During Cooling Season on Weekends (n=192) 

 

On weekdays and weekends, homes with the Nest thermostat had slightly higher air conditioner run 

times compared to programmable thermostat homes (1.8% compared to 1.3% on weekdays and 1.8% 

compared to 1.5% on weekends). The overall average run time was 1.8% in Nest homes and 1.2% in 

programmable thermostat homes. The slightly higher run times in Nest homes is expected because the 

Nest participant group had a 21% higher pre-installation cooling electric usage. We assume the higher 

pre-installation usage in the Nest participant group is attributable to the Nest participant homes having 
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higher occupancy (and thus higher cooling loads) compared to programmable thermostat homes (see 

occupancy data in Demographics section).  

Participant Behavior  

Participant behavior is a primary driving factor for achieving energy savings with thermostats. To assess 

participant behavior among programmable thermostat users, Cadmus evaluated how participants 

operated their thermostats using their survey data and metered indoor temperature data. To assess 

behavior among Nest participants, we evaluated participant engagement with the thermostat by looking 

at Wi-Fi connectivity. 

Programmable Thermostat Operation 

Cadmus categorized the programmable thermostat ǇŀǊǘƛŎƛǇŀƴǘǎΩ post-installation behaviors based on 

their survey responses and space temperature data. Table 20 shows programmable thermostat 

participant behavior based on their survey responses. 

Table 20. Self-reported Programmable Thermostat Participant Behavior (Based on Survey Responses) 

Participant Behavior 
Manual (Baseline) 

(n=521) 

Programmable 

(n=176) 

I manually change the thermostat settings 96% 46% 

I use a single setpoint 4% 32% 

I rely on my thermostat to change N/A* 22% 

Total 100% 100% 

*Manual thermostat users cannot rely on their thermostat to change because they cannot program schedules. 

 
Compared to baseline (pre-installation) case, a significantly higher percentage of programmable 

thermostat participants reported using a single setpoint (32% compared to 4%). Based on participant 

responses, programmable thermostats converted approximately one-fifth of participants from manually 

adjusting their thermostat to programming their thermostats. 

Table 21 shows participantsΩ categorized behavior based on temperature data compared to their survey 

responses for programmable thermostat users. 

Table 21. Programmable Thermostat Behavior (Based on Metered Temperature Data) 

Assumed Thermostat Setting 
Survey Responses 

(n=176) 

Temperature Logger Data 

(n=125) 

Rely on Thermostat Program 22% 37% 

Override Thermostat Program 78% 51% 

Cannot Determine N/A 12% 

Total 100% 100% 

 
When comparing the results of the temperature data analysis and survey responses, programmable 

thermostat participants appear to rely on their thermostat program more than is reported. This may be 
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because some participants manually adjust their thermostat with regular setbacks, making their 

temperature setting profile appear like a programmed schedule. However, only 37% of participants 

appear to have relied on their thermostat program by the end of the study period. 

Nest Participant Engagement 

Cadmus also assessed Nest ǇŀǊǘƛŎƛǇŀƴǘǎΩ ŜƴƎŀƎŜƳŜƴǘ ǿƛǘƘ ǘƘŜƛǊ ǘƘŜǊƳƻǎǘŀǘ ǳǎƛƴƎ Řŀǘŀ ǇǊƻǾƛŘŜŘ ōȅ bŜǎǘ 

Labs. Table 22 shows the level of customer engagement of program participants with Nest thermostats 

compared to the general (nonparticipant) population of Nest users in Indiana who ordered a thermostat 

from nest.com. 

Table 22. Customer Engagement of Program Nest Population Compared to Indiana Nest Population* 

Population 

of Nest 

Users 

Nests 

Shipped 

Nests 

Connected** 

Nests 

Connected 

(%) 

Nests 

Registered*** 

Nests 

Registered 

(% of 

Connected) 

Nests 

Registered 

(% of Total) 

Program 300 249 83.0% 185 74.3% 61.7% 

Indiana****  N/A N/A 95.3% N/A 90.0% 85.8% 

*Data provided by Nest Labs 

** Connected thermostats include all Nests that were ever connected to the internet 

***Registered Nests include all Nests that were "paired" to a structure, which occurs when the customer sets 

up an account so they can use the app, web account, etc. 

ϝϝϝϝ ¢ƘŜ LƴŘƛŀƴŀ bŜǎǘ ǇƻǇǳƭŀǘƛƻƴ άŎƻƴƴŜŎǘŜŘέ ǊŀǘŜ ƛǎ ōŀǎŜŘ ƻƴ LƴŘƛŀƴŀ ƻǊŘŜǊǎ ŦǊƻƳ ƴŜǎǘΦŎƻƳΦ ¢ƘŜ άǊŜƎƛǎǘŜǊŜŘέ 

rate is based on all Indiana connected devices. 

 
Program participants with the Nest thermostat were less likely to connect their thermostat to the 

internet and register their Nest compared to the general population of Nest users in Indiana who 

ordered a thermostat from nest.com. Eighty-three percent of program participants connected their Nest 

thermostat to the internet, whereas 95% of Nest users in Indiana connected their thermostats to the 

internet. Readers should note that we would expect users who use the internet to order a thermostat 

from nest.com to be more likely to connect their thermostat to the internet.  

!ƭǘƘƻǳƎƘ ǘƘŜ bŜǎǘΩǎ Auto-Schedule and Auto-Away feature work without an internet connection, there 

are several features participants cannot use without an internet connection: ǘƘŜ bŜǎǘΩǎ I±!/ Ŏontrol 

algorithms cannot receive the latest updates, participants cannot control their thermostat remotely 

using a smartphone, tablet or computer, and participants cannot receive the monthly e-mailed energy 

reports. Because participants who did not connect their Nest could not use these features, the program 

population might have less potential for energy savings than the general population of Indiana residents 

who purchased a Nest thermostat outside of the program. Readers should note, however, that Cadmus 

did not evaluate the impact of algorithm updates, remote control, or monthly energy reports on 

participant energy use. 
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Of the participants who did connect their thermostats to the internet, 74% of program participants 

registered their thermostats compared to 90% of users in Indiana with internet-connected Nests.  The 

lower percentage of registered Nests among program participants might indicate that program 

participants were slightly less engaged with their thermostats than the general population of Nest users 

in Indiana. The reason for this disparity in engagement might be because the program was designed to 

offer the Nest for free; customers were not necessarily motivated to engage with their Nest on their 

own. The lower level of engagement in registering the thermostat could be an indicator of less 

engagŜƳŜƴǘ ƛƴ ǳǎƛƴƎ bŜǎǘΩǎ ŦŜŀǘǳǊŜǎ όsuch as the remote control and energy reports) and could 

consequently be an indicator of slightly lower potential for energy savings compared to registered 

thermostats. However, readers should note that our analysis of the indoor temperature profiles indicate 

the Auto-Away and Auto-Schedule features are the key cause of savings with Nest and these features 

work even if the thermostat is not connected or registered. Still, a program designed to offer incented 

thermostats, rather than free thermostats, could attract customers who are more likely to be engaged 

with their thermostat and consequently might increase energy savings potential slightly. 

Participant Demographics and Satisfaction Ratings 
Cadmus used participant surveys to collect demographic and satisfaction ratings from program 

participants. This section assesses the differences in demographics between the programmable and 

Nest thermostat groups and how these might have caused the observed differences in energy savings 

and indoor temperatures. Evaluated demographics include participant age, occupancy, household 

income, and home age. 

Demographics 

Cadmus used the pre-installation survey to assess the demographics of the participant population. 

Participant Age 

Of the 583 participants who responded to the pre-installation survey, 338 (58%) provided their age. 

Figure 22 shows the ages of participants as reported in the participant surveys. 
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Figure 22. Age of Participant Population by Participant Group 

(nprogrrammable=179, nnest=159, ntotal=338) 

 

Of the participants who reported their age, 46% are over 55 years of age, with 28% over the age of 65. 

Based on the survey responses, the programmable thermostat group had more than three times the 

participants over age 65 compared to the Nest thermostat group (42% compared to 13%). Participants 

over the age of 65 are more likely to be retired and home on weekdays. Assuming this is true for the 

sample, the potential for energy savings from weekday daytime setbacks is lower in homes with 

participants over age 65 compared to under age 65. The loss of potential for weekday daytime savings 

ŦƻǊ ǘƘƛǎ ŘŜƳƻƎǊŀǇƘƛŎ ƛǎ ƎǊŜŀǘŜǊ ƛƴ ƘƻƳŜǎ ǿƛǘƘ ǘƘŜ bŜǎǘ ǘƘŀƴ ǇǊƻƎǊŀƳƳŀōƭŜ ǘƘŜǊƳƻǎǘŀǘ ōŜŎŀǳǎŜ bŜǎǘΩǎ 

Auto-Away and Auto-Schedule features have the largest impact on savings during this period (as shown 

in temperature data analysis). In addition, assuming participants over age 65 are less likely to use 

smartphone, tablet, and computer technologies, this demographic is less likely to control Nest remotely 

and view monthly energy report e-mails. 

Occupancy 

In the pre-installation survey, we asked participants to provide the number of home occupants for each 

hour of the day on weekdays and weekends. Of the 583 participants who responded to the survey, 500 

(86%) reported their home occupancy. Based on survey responses, there was no significant difference in 

occupancy during daytime versus nighttime, so we averaged the reported occupancy for each hour. The 

average number of occupants for any given hour on weekdays and weekends are shown by participant 

group in Figure 23. 



 

38 
 

Figure 23. Household Occupancy by Participant Group 

(nprogrrammable=249, nnest=251)

 

The average number of occupants for any given hour was higher in Nest homes compared to 

programmable thermostat homes. On weekdays, Nest thermostat homes reported having an average of 

3.4 occupants, whereas programmable thermostat homes reported having an average of 2.3 occupants. 

On weekends, Nest thermostat homes reported having an average of 3.2 occupants, whereas 

programmable thermostat homes reported having an average of 2.1 occupants. The higher occupancy in 

Nest thermostat homes could explain why the baseline cooling loads were 11% higher per square foot in 

Nest homes compared to programmable thermostat homes (2.0 kWh/sqft compared to 1.8 kWh/sqft) 

and why the air conditioner run times were higher in Nest homes compared to programmable 

thermostat homes (35% compared to 25%).  

Household Income 

Of the 583 participants who responded to the survey, 42 (7%) reported their income. Income levels by 

participant group are shown in Figure 24. 


































